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I. INTRODUCTION
1. Preliminary Statement.-The land-drainage problem in Illinois
is an important one, especially so in the central part of the State
where the topography is so flat and the natural drainage so inade-
quate that successful agriculture cannot be accomplished without arti-
ficial drainage.
An investigation of the drainage situation in Illinois, made by the
State Geological Survey* in 1928, disclosed the following facts:
(1) 5 124 088 acres of land were embraced in organized drainage dis-
tricts, many of which were operating unsuccessfully because of in-
adequate outlet capacity; (2) 1 255 610 acres of very fertile bottom
lands were in need of flood protection and drainage; (3) 186 615
acres were being organized into drainage districts; (4) 385 580 acres
of upland, which were not within districts, were greatly in need of
drainage; (5) a large aggregate area of lands, scattered throughout
the State, would be greatly benefited by drainage; and (6) during the
period from 1920 to 1928, 334 778 acres were organized in drainage
districts at an approximate cost of $8 000 000-a remarkable de-
velopment when the farmers' trying economic condition is considered.
These facts emphasize the importance of land drainage in the State.
In the design of open drainage channels there are two assump-
tions which the engineer must make: (1) the maximum rate of dis-
charge which the ditch system must carry, and (2) the resistance
to flow offered by the channels when their side slopes become covered
with grasses, weeds, bushes, and trees. Experimental data upon these
factors are very limited and the engineer has had little upon which to
base his assumptions; hence, the information contained in this bulletin
should prove of value.
The annual yields of small watersheds is a matter which is be-
coming increasingly important, since many communities which are now
using wells are considering reservoirs as a source of water supply. The
watershed yields measured during this investigation, although limited
as to time, should prove of benefit to those interested in surface water-
supply problems.
2. Purpose of Investigation.-The purpose of this investigation
was three-fold:
*Bulletin No. 42, Engineering and Legal Aspects of Land Drainage in Illinois, by G. W.
Pickels and F. B. Leonard.
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(1) To determine the roughness factor n in Kutter's formula for
flow of water in open drainage channels in Central Illinois.
(2) To determine the maximum discharge for which drainage chan-
nels in Central Illinois should be designed, so far as the limited period
of the investigation permitted.
(3) To determine the annual yields of small watersheds, such as
are found in Central Illinois, so far as the limited period of the in-
vestigation permitted.
3. Acknowledgments.-This investigation is the result of a co6per-
ative agreement between the Engineering Experiment Station of the
University of Illinois and the Bureau of Public Roads, United States
Department of Agriculture. On the part of the University of Illinois,
the work has been under the administrative direction of DEAN M. S.
KETCHUM, Director of the Engineering Experiment Station, and PROF.
W. C. HUNTINGTON, Head of the Department of Civil Engineering.
On the part of the Bureau of Public Roads, the work has been under
the administrative direction of THOMAS H. McDONALD, Chief of the
Bureau of Public Roads, and S. H. McCRORY, Chief of the Division
of Agricultural Engineering.
The investigation was planned and supervised by the author on
behalf of the Engineering Experiment Station and by C. E. RAMSER,
Senior Drainage Engineer, on behalf of the Bureau of Public Roads.
From the beginning of the investigation in February, 1924, to July
1, 1924, H. J. BARTZ, Junior Drainage Engineer, carried on the field
work with some assistance from the author. From July 1, 1924, to
the end of the -investigation in October, 1927, ROBERT A. NORTON,
Assistant Drainage Engineer, Bureau of Public Roads, was in direct
charge of all the field work and office computations. All the com-
putations for values of n in this bulletin were made by Mr. Norton
and checked by R. L. Moore, at that time a student at the University.
The computations in connection with the rainfall studies were made
by the author, and the run-off computations by K. C. Tippy, a grad-
uate student in the Department of Civil Engineering.
II. DESCRIPTION OF WATERSHEDS*
4. Names and Locations of Watersheds.-The general location of
the area covered by this investigation, with respect to the State as a
whole, is shown in Fig. 1, which also shows the major drainage sys-
tems of the State. It will be observed that the area considered is at
*The word watershed is used throughout the bulletin to denote a drainage basin.
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FIG. 1. MAP OF ILLINOIS, SHOWING LOCATION OF
AREA STUDIED IN THIS INVESTIGATION
the headwaters of a number of streams, the Sangamon River on the
west, the Vermilion River on the north, the Big Vermilion River on the
east, and the Embarrass and Kaskaskia rivers on the south.
Figure 2 shows the same area enlarged sufficiently to show the
boundaries of the seven watersheds comprising the area. For the
purpose of reference the watersheds are numbered. The names corre-
sponding to the numbers are as follows:
No. 1-West Branch of Salt Fork.
No. 2-Fountain Head Drainage District, in part.
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TABLE 1
WATERSHED DATA
Area Length Maximum Average
Reference width width Ratio Length
Number sq. mi. mi. mi. mi. to Width
1 60.5 11.2 8.0 5.4 2.1
2 4.7 3.6 1.8 1.3 2.8
3 12.0 5.1 3.7 2.4 2.1
4 15.3 7.3 3.0 2.1 3.5
5 11.5 6.7 2.7 1.7 3.9
6 63.2 15.5 7.3 4.1 3.8
7 27.2 7.5 5.0 3.6 2.1
No. 3-Kaskaskia Mutual Drainage District, in part.
No. 4-Camp Creek Drainage District, in part.
No. 5-Lateral No. 15 of Lake Fork Special Drainage District,
in part.
No. 6-Lake Fork Special Drainage District, in part.
No. 7-Embarrass River, east of Tolono.
5. Size and Shape of Watersheds.-The relative sizes and the
shapes of the watersheds are shown in Fig. 2. More specific data are
given in Table 1.
6. Topography of Watersheds.-Figures 3, 4, 5, and 6 show the
topography of the several watersheds with the exception of No. 5.
The data were obtained from the quadrangle maps of the United States
Geological Survey. Unfortunately, the lower half of watershed No. 6
and watershed No. 5 have not been surveyed and mapped. The con-
tours covering the lower half of watershed No. 6, shown in broken
lines, were sketched in the field with the drainage lines (known)
and a profile of the Wabash Railroad, which traverses the southern
portion of the watershed, as a basis, and consequently are only ap-
proximately correct. The topography of watershed No. 5 is very
similar to that of the southern portion of watershed No. 6, adjoining.
7. Soil Types.-Soil Report No. 18 of the Agricultural Experiment
Station, University of Illinois, classifies the soil types in Champaign
County as follows: brown silt loam, 72.86 per cent; black clay loam,
17.86 per cent; yellow-gray silt loam, 4.57 per cent; mixed loam, 2.37
per cent; and the remaining 2.34 per cent divided among ten other
types. The descriptions of these soil types given below are abstracted
from Soil Report No. 18.
The brown silt loam type occupies the slightly undulating to rolling
areas of the prairie land. The surface soil, 0 to 6% in., contains
DRAINAGE AREAS
/-SALT FORK 60.50 sQ. m.
2- FouvrA/N HEAO 4.66 sq. Mi
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FIG. 2. MAP SHOWING RELATIVE SIZES AND SHAPES OF THE SEVEN WATERSHEDS INVESTIGATED
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Fia. 3. TOPOGRAPHIC MAP OF WATERSHEDS Nos. 1 AND 2
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FIG. 4. TOPOGRAPHIC MAP OF WATERSHEDS NOS. 3 AND 4
normally from 65 to 80 per cent of silt, from 15 to 25 per cent of sand,
from 10 to 15 per cent of clay, and from 4 to 6 per cent of organic
matter. The subsurface soil, varying in thickness from 6 to 16 inches,
has much the same physical composition as the surface soil, except that
it contains somewhat more clay and less organic matter. The sub-
soil consists of a clayey silt or a silty clay, plastic when wet. Each
of the three strata is pervious to water, and percolation takes place
freely.
The black clay loam, sometimes called "gumbo," is found on the
flat prairie areas which lack natural drainage. This type is found
more or less concentrated along the streams and natural drainage lines
and in small depressions elsewhere. There is scarcely a section of land
in the county which does not contain some soil of this type. It is due
to the accumulation of organic matter in the depressions and to the
washing in of clay and fine silt from the adjoining higher lands. The
surface soil is a black, plastic, granular, clay loam, containing on the
average 6.3 per cent of organic matter. The subsurface soil is from
10 to 16 inches in thickness, and varies from a black to a brownish
gray clay loam, generally slightly heavier than the surface soil. The
average organic matter content is 2.8 per cent. The subsoil varies
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FIG. 5. TOPOGRAPHIC MAP OF WATERSHED NO. 6
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FIG. 6. TOPOGRAPHIC MAP OF WATERSHED No. 7
from a drab to a yellowish drab silty clay. Black clay loam soil is an
indication of inadequate natural drainage, and it has been to provide
outlets for these areas that seventy drainage' districts have been
organized in Champaign County.
The yellow gray silt loam is an upland timber soil and occurs
in the outer timber belts along the streams. Its topography is suffi-
ciently rolling to provide satisfactory surface drainage. This type
differs from the brown silt loam principally in that its organic matter
content is only about 2.2 per cent.
The mixed loam is a bottom-land soil and is found along all the
larger streams. It is a mixture of silt loam and sandy loam, with brown
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TABLE 2
PERCENTAGES OF SOIL TYPES
Soil Types
Watershed Brown Silt Black Clay Yellow Gray Mixed
No. Loam Loam Silt Loam Loam
per cent
1 70 22 7 1
2 93 7 0 0
3 80 20 0 0
4 80 20 0 0
5 45 55 0 0
6 75 25 0 0
7 85 14 0 1
silt loam predominating. It contains an average of 5.3 per cent organic
matter.
The approximate percentages of each of these types of soil for each
watershed are given in Table 2.
Since the black clay loam type of soil is a result of the topography,
it is natural that there should be a close relation between the topogra-
phy and the type of soil. Thus watersheds Nos. 2 and 7 with 7 and
14 per cent, respectively, of black clay loam have the steepest surface
slopes, and watersheds Nos. 5 and 6 with 55 and 25 per cent of black
clay loam, respectively, are very flat.
8. Culture.-Practically all of the area in the watersheds investi-
gated is under cultivation. The crops raised are corn, wheat, oats, and
soybeans. Only a small portion is in grass, and the only wooded areas
are small scattered wood lots. Although watershed No. 1 contains
about 7 per cent of timber soil, most of the timber has been cut. Along
most of the channels there is a growth of small trees. This factor is
considered subsequently.
9. Drainage.-The topographic maps show the natural and arti-
ficial drainage channels. In addition a large number of large tile
drains have been constructed on most of the watersheds. The areas
in watersheds Nos. 1 to 6 are in drainage districts and large tile drains
have been laid at the upper end of each district above the open
ditches. Also many large tile drains discharge into the ditches at
intervals throughout their length. Watershed No. 7 is the only one
in which no organized drainage has been done, but even here a con-
siderable amount of tile under-drainage has been done by individual
landowners.
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III. RAINFALL MEASUREMENTS
10. Location of Rainfall* Stations.-As shown in Fig. 2, rain gages
were located at Thomasboro, Mt. Vernon Church, Mahomet, White
Heath, Bement, Giblin, Staley, and Sadorus. In addition to these
eight stations, the records of the U. S. Weather Bureau station at
Urbana were available.
11. Rain Gages.-In March, 1924, standard U. S. Weather Bureau
rain gages were installed at these stations and read daily until the
end of the investigation on Oct. 1, 1927. The gage at Urbana is an
automatic tipping bucket gage which gives a continuous record, except
during the winter months, when its use is discontinued on account of
freezing temperatures, and the record consists of two daily readings
of a standard gage. In June, 1926, the standard gage at Staley was re-
placed by a Ferguson recording rain and snow gage which can be
operated throughout the year. The Urbana and Staley stations were
the only ones which gave the rainfall intensities.
Special care was used in choosing suitable sites for the gages, so
that there would be no disturbing factors to affect the accuracy of
the gage.
12. Observers and Records.-The standard gages were read by
paid observers. In choosing the observers, the essential characteristics
sought were reliability and accuracy, and on the whole their work
was very satisfactory.
The gages were read daily at 6 p.m., and in most cases the times
of beginning and ending of the storm were recorded. Records were
kept in a field note-book furnished the observer, and, in addition, a
specially prepared data card, covering a week's record, was mailed to
headquarters at Urbana at the end of each week.
IV. WATER-STAGE MEASUREMENTS
13. Location of Gaging Stations.-The general locations of the
gaging stations are shown in Fig. 2. More specific locations are given
below.
Watershed No. 1.-Street bridge on North Broadway, Urbana.
Watershed No. 2.-Highway bridge on state route No. 10, about
one mile east of Staley.
*The word rainfall is used to denote all forms of precipitation.
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Watershed No. 3.-Illinois Traction System bridge about one
mile east of Bondville.
Watershed No. 4.-Private farm bridge about % mile northeast
of point where Camp Creek crosses state route No. 10, about %
mile west of Seymour.
Watershed No. 5.-Highway bridge about 1% miles east of
Bement.
Watershed No. 6.-Private farm bridge about % mile north of
the east and west highway through Bement, and about 3¼ miles
east of Bement.
Watershed No. 7.-Wabash Railroad bridge about 2% miles
east of Tolono.
14. Gages.-Staff gages were installed at each of the gaging sta-
tions for the purpose of obtaining the stages of the several streams.
They were made of 2x4-in. cypress lumber, painted white and gradu-
ated to tenths of a foot. The foot divisions were numbered with metal
figures such as are used for house numbers. The tenths were marked
with brass-headed upholsterer's tacks of sufficient size to be read
easily from the opposite side of the channel. The gages were firmly
bolted to the bridge abutments.
In addition to the staff gages, recording water-level gages were
installed for watersheds Nos. 2, 3, 4, 5, and 6. Two of these gages
were manufactured by the Bristol Company, two by the Sanborn
Company, and one by the Gurley Company. The first four mentioned
were pressure gages, and the last one was a float-type gage. On
watersheds Nos. 1 and 7 the staff gages were read twice daily by paid
observers, at 6 a.m. and 6 p.mn., during normal periods of flow, and
during flood flows several extra readings were taken daily. The ob-
servers noted also the high water elevations, when the crests were
reached between other readings.
V. STREAM-DISCHARGE MEASUREMENTS
15. Description of Method.-Discharge measurements were made
for each stream at various times during the period of the investiga-
tion and at various stages of the streams. Table 3 gives for each water-
shed the dates upon which measurements were made, the average stage
of the stream during each measurment, and information as to whether
the stream was rising or falling at the time of measurement.
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The discharges were computed from the velocity of flow and the
cross-sectional area of the channel at the meter station. The velocity
measurements were made with a Price current meter, registering single
revolutions. All measurements were made from the bridge at the
gaging station. All the bridges are single span. Velocity measure-
ments were made at intervals of one, two, or five feet across the chan-
nel. For the smaller channels, a one-foot interval was used at the sides
of the channel and a two-foot interval over the central portion. For
the larger channels, a two-foot interval was used at the sides and a
five-foot interval over the central portion. The zero for these measure-
ments was taken at the face of one abutment, and the one-, two-, and
five-foot intervals were marked with keel on the floors of the steel
bridges and on the parapets of the concrete bridges.
In this way the channel of each stream was divided into a num-
ber of partial areas, bounded by the verticals in which velocity
measurements were made. Where the depth of water would permit,
velocity measurements were made at the surface, mid-point, and bot-
tom of each vertical. In shallow water, measurements were made
either at the 0.6 depth or at the surface, depending on the depth.
Where the first method was used, the average velocity in the vertical
was taken as one-sixth of the sum of the surface velocity, four times
the velocity at mid-depth, and the bottom velocity. The average
velocity of the water flowing through each partial area was taken as
the average of the two average velocities in the two verticals bound-
ing the area. The average velocity of flow in each partial area in feet
per second multiplied by the area in square feet gave the discharge in
cubic feet per second through that portion of the channel. The sum of
the discharges through the partial areas gave the total discharge of
the stream.
The meter was held in each position for a minimum of 40 revolu-
tions or for a minimum period of 40 seconds. The time was measured
with a stop watch to quarter seconds.
The depth of water at each vertical was determined by lowering
the meter until the weight rested on the bottom and reading the
depth on the meter cable, which was graduated into 0.5-ft. divisions,
to the nearest 0.1 ft. by estimation. These depths were checked later
in the office, before discharge computations were made, from a large
scale drawing of the previously-determined cross-section of the chan-
nel, with the stage of the stream at the time of the measurement
plotted upon it.
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VI. SLOPE MEASUREMENTS
16. Description of Slope Courses.-To compute values of Kutter's
n, it was necessary to determine the surface slope of the stream at
the time of each discharge measurement. With this in view, slope
courses were established at each gaging station. The channels drain-
ing watersheds Nos. 1 to 6 were dredged channels and were straight
at the gaging station. The bottom slopes were reasonably uniform
and the cross-sections of the channels were fairly regular. Watershed
No. 7 is drained by the Embarrass River, and its channel is not so
straight or regular as the others.
For watershed No. 1 a slope course 480 feet in length was used
above the gaging station and a second course 550 feet in length was
established below the station. The upper course ended about 100
feet above the meter station, and the lower course began about the
same distance below. Two courses were used because of a marked
difference in the condition of the channel above the station and below.
The channel above the station is in Crystal Lake Park, Urbana, and
is kept in good condition by the Commissioners; whereas below the
gaging station the side slopes are covered with trees. Views of these
courses are shown in Figs. 31 and 32.
For watershed No. 2 a slope course of 800 feet was laid off just
above the gaging station. Views of this course at different times
during the investigation are shown in Fig. 32.
For watershed No. 3 two slope courses were used, both below the
gaging station. The length of each course was 330 feet. The views
of these courses in Fig. 33 show the side slopes covered with trees.
For watersheds Nos. 4, 5, and 6, single slope courses were used,
their lengths being 661, 1000, and 816 feet, respectively. Views of these
courses are shown in Figs. 34, 35, and 36.
The slope course established for watershed No. 7 was not satis-
factory and the data obtained were not used.
17. Slope Posts.-Slope posts were placed at the ends of each slope
course, and stakes were driven along the bank, at intervals, where
it was desired to take cross-sections of the channel. The slope posts
were of 2x4-in. lumber firmly planted in the ground in a position
slightly inclined toward the channel. A rectangular notch was cut in
the top of each post, and the horizontal portion of the notch was care-
fully beveled, so that accurate vertical measurements could be made
from it. The posts extended above the ground about 3 feet, and three
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or four posts were used at each end of each course, the lowest post
being in the low-water channel and the upper post at the top of the
bank for use during periods of high water.
Bench marks were established on the bridge abutments, and levels
were run to determine the elevation of the beveled edge at the top
of each slope post. An 18-in. wye level and a target rod were used for
this purpose. The elevations were determined to thousandths of a foot
and carefully checked. After each high water period, the elevations
were rechecked, but only in a few instances were any changes of ele-
vation observed.
18. Method of Measurement.-The elevation of the water surface
was found by measuring down from the beveled edge of the slope post
to the water surface with a specially prepared hook gage, graduated
to hundredths of a foot. Each reading was estimated to thousandths
of a foot and ten readings were taken for each elevation determina-
tion. Two men were used for this work. One man took the ten read-
ings as fast as he could and called them to his assistant, who re-
corded them. The procedure was as follows: Ten readings were taken
for the water level at one end of the course. The time was recorded
and the observers hastened to the other end of the course and took
ten readings there, noting the time. They then returned to the first
end of the course and, when a time equal to that between the first two
sets of readings had elapsed, took a second set of readings at that
end. The average of the ten readings was used in determining the
elevation of the water surface. If there was a difference between the
two elevations obtained at one end of the course, due to a change in
stage, the average was used to obtain the difference of elevation of the
water surface at the ends of the slope course. Since the time required
for these measurements was only from ten to fifteen minutes, there
was very little, if any, change in the slope course during the measure-
ment. The slope of the water surface was computed from the differ-
ence of the elevations of the water surface at the ends of the course
and the length of the course.
VII. MEASUREMENT OF CROSS-SECTIONS
19. Method.-In computing values of Kutter's n it is necessary
to have the cross-sectional area and the hydraulic radius of the slope-
course channel in addition to the slope of the water surface. Eleven
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cross-sections, at equal intervals, were taken for each slope course
during periods of low water when the streams could be waded. The
measurements were made with a level, rod, and tape, and all readings
were taken to the nearest 0.10 foot. Sufficient readings were taken
across the channel to give an accurate cross-section. The data were
plotted on standard cross-section paper to a scale of 5 feet to the inch
each way for the smaller channels and 10 feet to the inch for the larger
ones. The water level at each cross-section during the period of slope
measurements was then drawn on the plotted cross-section, and the
area of the section found by means of a planimeter. The average of
the eleven areas was taken as the area to be used in computing values
of n. The wetted perimeters of the several cross-sections were found
with a map measurer, and the hydraulic radius of each section was
computed. The average of these values of the hydraulic radius was
used in computing values of n.
VIII. RAINFALL COMPUTATIONS
20. Plotting.-The daily rainfall records as turned in by the ob-
servers were plotted for the purpose of study on cross-section paper
with times as abscissas and rainfalls as ordinates. The time scale
was one day to the inch, and the rainfall scale was one inch to the
inch. The data for each station were plotted as a monthly summa-
tion curve. The curves for the several stations for each month were
plotted on the same sheet, one below the other, so that the variations
in the amount, distribution, and time of occurrence could be seen at
a glance. The .rainfalls at Urbana and Staley were plotted first, as
these data were obtained from recording gages, for most of the time,
and gave the actual distribution of the precipitation during each storm
period. The distribution at the other stations was assumed to be in
the same ratio as that at Urbana or Staley, depending on which of
the two stations was nearest to the station whose data were being
plotted. The time scale was large enough so that intervals as small as
30 minutes could be plotted. The times of beginning and ending of
each rainfall period, as recorded by the observers, were used when
plotting.
21. Weights Assigned Stations.-To obtain the average rainfall
over each watershed, it was necessary to combine the rainfalls at
the several stations in or adjoining the watershed. The rainfall at
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TABLE 4
WEIGHTS ASSIGNED RAINFALL STATIONS
Watershed
Rainfall
Station
No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7
Urbana ......... 17 15 0 0 0 0 88
Thomasboro..... 47 0 0 0 0 0 0
Staley. ......... 1 77 77 15 0 7 0
Mt. Vernon..... 35 8 21 2 0 0 0
Mahomet. ...... 0 0 2 73 0 0 0
White Heath... 0 0 0 10 0 0 0
Bement......... 0 0 0 0 75 10 0
Giblin .......... 0 0 0 0 25 62 0
Sadorus......... 0 0 0 0 0 21 12
100 100 100 100 100 100 100
each station was assumed to extend half way to the adjoining stations.
The area controlled by each station was measured with a planimeter,
and the percentage of this area with respect to the area of the water-
shed was computed. The percentages, or weights, given each station
for the seven watersheds are shown in Table 4.
22. Average Rainfall over Watersheds.-Monthly summation
curves were then computed and plotted for each watershed. Each of
these curves was a composite curve computed by applying the weights
given in Table 4 to the rainfalls at the individual stations. The large
horizontal scale of one inch to the day enabled the daily distribution
of the precipitation to be shown clearly. Obviously, it was impossible
to reproduce these work sheets to scale in this bulletin. The daily
values, however, are tabulated in Table 5, and monthly summation
curves to a much smaller scale are shown in Figs. 7-30. In general,
the rainfall values recorded in the table for each day are from mid-
night to midnight. However, where a continuous rain began before
midnight and ended after midnight, the total amount is recorded in
the table on the day on which the major portion of the rain fell, pro-
vided the rainfall period did not exceed 24 hours.
. In order that the rainfalls at the regular Weather Bureau stations
nearby might be compared with those obtained on the watersheds
themselves, the records from the stations at Tuscola, Decatur, Dan-
ville, Clinton, and Roberts are included in Table 5. The general lo-
cations of these stations are shown in Fig. 1.
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23. Variations in Rainfall.-At the beginning of the investigation
the question arose as to the error which would result if the rainfall
records of the Urbana station were used for the entire area under con-
sideration. This question is answered by the daily and monthly values
in Table 5. For the benefit of those who do not care to make a de-
tailed study of these data, Table 6 has been prepared, showing for
each month the rainfall at the Urbana station, the average of the
rainfalls over the seven watersheds, and the range of rainfall values.
The small figures, written as exponents in the range columns, indicate
the reference number of the watershed over which that amount of rain-
fall occurred.
In the ten-month period of record in 1924, the total precipitation
at Urbana was 37.55 in., but over watershed No. 5 it was only 32.67
in., or a difference of - 13.0 per cent; and over watershed No. 3, the
rainfall was 40.96 in., a difference of + 9.8 per cent. The greatest
monthly range of rainfall was in August when 6.53 in. fell over water-
shed No. 5, whereas 10.94 in. fell over watershed No. 4.
In 1925 the lowest annual precipitation was 23.68 in. over water-
shed No. 5, which differed from the Urbana precipitation of 29.40 in.
by - 19.5 per cent; and the highest was 31.13 in. over watershed No.
3, which differed from the Urbana value by + 5.9 per cent. The
greatest monthly range was in August when 2.69 in. fell over water-
shed No. 5 and 4.83 in. over watershed No. 3. These values differ
from that at Urbana by - 21.3 and + 41.2 per cent, respectively.
In 1926 watershed No. 6 received the lowest rainfall, 36.79 in.,
and watershed No. 1 received the highest, 44.43 in. The former was
15.5 per cent below and the latter was 2.4 per cent above the Urbana
rainfall. The greatest monthly range was in September when 6.07 in.
was precipitated over watershed No. 6, whereas 11.69 in. fell over
watershed No. 4. As the Urbana rainfall for the month was 9.76 in.,
the former value was 37.8 per cent below and the latter was 19.8
per cent above the Urbana precipitation.
During the nine-month period in 1927, the range was from 38.90
in. over watershed No. 3 to 42.17 in. for watershed No. 7. The Urbana
rainfall was 42.03 in. The greatest monthly range was in April when
watershed No. 1 received 4.59 in. and watershed No. 7 received 6.96
in., whereas 4.79 in. was recorded at the Urbana station. The upper
range was, therefore, + 45.3 per cent.
Considering the entire 43-month period, the rainfall at Urbana was
152.52 in., the average of the seven watersheds was 148.30 in., the
largest total rainfall was 155.46 in. over watershed No. 4, and the
smallest total rainfall was 136.26 in. over watershed No. 5.
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During the same period, the total rainfall at the adjoining Weather
Bureau stations was as follows: Tuscola, 160.69 in.; Decatur, 168.68
in.; Clinton, 170.65 in.; and Roberts, 142.17 in.
It will be noted in Table 6 that watershed No. 5 received the lowest
monthly rainfall during 18 of the 43 monthly periods. This fact was
observed early during the investigation and it was thought that pos-
sibly the observer was reading the gage incorrectly, but investigation
proved that this was not the case. It is evident that for some undis-
covered reason watershed No. 5 received considerably less rainfall
during the period of the investigation than the other watersheds.
If the individual storms are studied, instead of the monthly and
yearly totals, much greater differences will be found than those stated
above. Thus it is clearly evident that any investigation of the rela-
tion between rainfall and run-off is of little value unless the rainfall
is measured at stations on the watershed itself, and that for large
watersheds the rainfall stations should be within two or three miles
of each other. If the investigation described in this bulletin were re-
peated, about twice as many rainfall stations would be used.
IX. RUN-OFF COMPUTATIONS
24. Rating Curves.-Discharge measurements were made, as pre-
viously described, on all the streams draining the seven watersheds.
The dates on which the measurements were made and the stages of the
streams at the time of measurement are shown in Table 3. These dis-
charges were plotted as abscissas against stage of stream as ordinates,
and rating curves were drawn. As was to be expected, discharges at
the same stage differed considerably in the summer and fall and in
the winter and spring, due to the growth of weeds in the channel and
to the foliage on the trees. It was necessary, therefore, to draw at
least two rating curves for each stream. One of the channels was
cleared of growth during the period of investigation and three curves
were used for the discharge of this channel. In other cases a gradual
deterioration of channel, due to growth of vegetation, made three
curves necessary. In constructing a rating curve from the points se-
lected for that curve, the theory of least squares was used.
25. Rating Table.-For greater convenience a rating table was
prepared from each curve. In these tables the discharges in cubic
feet per second and in inches of run-off in 24 hours were tabulated
for differences of 0.1 foot in the gage height.
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26. Stage of Stream.-As previously stated, recording gages gave
continuous records of gage heights on five of the streams. These rec-
ords were transferred to the large working sheets on which the rainfall
had been previously plotted. On the remaining two streams, readings
were taken normally twice a day and more often during high stages.
These values were likewise recorded on the work sheets. These hydro-
graphs are shown, much reduced in scale, in Figs. 7-30.
27. Daily Discharges, or Run-Off.-The daily discharges were then
obtained from the work sheets as follows: Where the change in stage
was uniform throughout the day-from midnight to midnight-and
did not exceed one foot, the stage at noon was taken as the average
for the day, and the discharge corresponding to it was taken from
the rating table. When the hydrograph for the day was irregular, the
day was divided into the required number of periods of irregular
length, the discharge for each period determined, and the several dis-
charges added to obtain the discharge for the day. Where the daily
change in stage exceeded one foot, the day was divided into two or
four periods, depending on the amount of change, and the discharge
for each period determined.
The daily run-offs thus obtained are tabulated in Table 5, and
are shown as monthly summation curves in Figs. 7-30.
Because of unsatisfactory gage records on watershed No. 2, and
further because this watershed receives the storm water from a por-
tion of the city of Champaign, the run-off from this watershed is
not shown.
X. COMPUTATION FOR KUTTER'S n
28. Computations.-As previously described, the discharges were
computed from the measured velocity of flow and the cross-sectional
area of channel. The area of the channel below the water surface was
computed from the plotted cross-section at the meter station. The dis-
charge divided by the area gave the mean velocity of flow at the time
of discharge measurement. The wetted perimeter was measured on
the plotted cross-section, and the hydraulic radius was computed. From
these data C in Chezy's formula was computed, since
V
C--
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The values of C thus obtained were substituted in Kutter's formula,
1.811 0.00281
41.6 + - +
n S
1 + 41.6 + 0.00281)
and the formula solved for n. In this way a value of n was deter-
mined for a number of stages of each stream. All the data obtained
in these computations are recorded in Table 7. Several views of each
slope course are shown in Figs. 31-36 to supplement the descriptions
of the slope-course channels given in Table 7.
XI. ANALYSIS OF DATA FOR n
29. Watershed No. 1.-Two slope courses were used for this chan-
nel, because just above the gaging station the stream flows through a
city park and the channel is cleared annually of all large growth,
whereas below the gaging station the side slopes are covered with a
thick growth of willow, maple, poplar, and box elder trees up to
8 in. in diameter. The condition of these channels in July, 1924, may
be seen from Fig. 31 and their condition in July, 1927, from Fig. 32.
Eleven measurements of n were made for the cleared course during
the winter and spring months. The values obtained range from 0.025
to 0.032 with an average of 0.029. The stage of the stream had no
effect upon n, as was to be expected from the excellent condition of the
side slopes.
Seven measurements were made of this channel during the summer
and fall when the slopes were covered with low vegetation. The values
ranged from 0.029 to 0.041 with an average of 0.036. Here again stage
of stream did not affect the results. These measurements indicate a
difference of at least 0.05 in the value of n for winter and for summer
conditions, or a difference of about 15 per cent in channel capacity.
The seasons of the year did not seem to affect the values of n
obtained for the uncleared slope course. The 17 measurements gave
values of n ranging from 0.043 to 0.066 with an average value of 0.050.
The second highest value was 0.057. Because of the shade, very little
vegetation grew on the side slopes, and because of the size of the
trees most of the foliage was above the water, except at the highest
stages. The only measurement which appeared to be especially affected
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a. Watershed No. 1, Upper Slope Course, May, 1924
b. Watershed No. 1, Upper Slope Course, July, 1927
c. Watershed No. 1, Lower Slope Course, July, 1924
FIG. 31. VIEWS OF SLOPE COURSES, SHOWING CONDITION OF CHANNEL
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a. Watershed No. 1, Lower Slope Course, July, 1927
b. Watershed No. 2, 1924
c. Watershed No. 2, 1925
FIG. 32. VIEWS OF SLOPE COURSE, SHOWING CONDITION OF CHANNEL
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by the foliage was that of April 7, 1926, when at a bankful stage a
value of 0.066 was obtained. The removal of the trees on the side
slopes would increase the capacity of this section about 60 per cent.
30. Watershed No. 2.-This channel was constructed in 1908 and
has been kept in good condition. There were no trees or large bushes
on the side slopes, as may be seen from the views in Fig. 32, and
low values of n were found. The average of the three values ob-
tained for winter and spring conditions was 0.029, and for summer and
fall conditions the average value was 0.037. This increase in the value
of n during the summer and fall is typical, and will occur in the most
carefully maintained channels.
31. Watershed No. 3.-Two slope courses of equal length were
used for this stream. The side slopes on both courses were covered
with trees, as can be seen from the views in Fig. 33. The trees on
the lower course were larger but less numerous than on the upper
course; also, the lower course had a growth of water weeds through-
out about 75 per cent of its length.
For both courses, values of n increased with the stage, because of
the increased interference of the branches of the trees at the higher
stages. On the lower course, during the winter and spring, the average
value of the three determinations was 0.061, whereas for the upper
course at the same time the average was 0.049. The difference in these
values indicates the effect of the larger size of trees on the lower
course and of the vegetation in the channel.
During the summer of 1924, the lower channel gave an average
value of n of 0.079, whereas 0.067 was obtained for the upper course.
The higher values of n during 1926 are the results of the growth of
the trees in the two-year period since 1924. The removal of the trees
in this channel would increase its capacity about 200 per cent.
32. Watershed No. 4.-During the winter of 1923-24, the larger
growth was removed from the channel of this stream, leaving the
weeds and smaller bushes. Figure 34a shows the condition of the
channel in June, 1924, shortly after the first three measurements were
made. The three values of n range from 0.053 to 0.055. Had the
channel been cleared of the smaller growth, as well as the larger,
probably a value of n of 0.040 or less would have resulted. The re-
moval of the smaller growth would have increased the capacity of the
channel about 35 per cent. Figure 34b shows the condition of the
channel in April, 1925.
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The spring measurements were made from April 28 to May 1, 1924.
Five weeks later the bushes were in full leaf and the bottom was
covered with low weeds, resembling smartweeds. The effect of this
growth was to increase the value of n from 0.054 to 0.078. The con-
dition of this channel rapidly became worse, and by the summer of
1926 the side slopes were covered with a heavy growth of small poplar
trees, willows, and climbing vines; and the bottom was covered with a
thick growth of weeds. A measurement for n on September 10, 1926,
at a stage of 4.6 ft. gave a value of n of 0.095, whereas at the same
stage on June 7, 1924, a value of 0.076 was obtained.
33. Watershed No. 5.-Three views of the slope course of this
channel are shown in Figs. 34 and 35, taken July, 1924, April, 1925,
and July, 1927, respectively. The first measurements on this course
were made in March, 1925. The channel was in good condition and
the average value of the four determinations of n was 0.033. In April,
1926, there were bushy willows and dry weeds on the side slopes, and
n was found to be 0.055. This increase shows the result of one year's
growth of vegetation.
During the summers of 1925 and 1926 there was a thick growth
of cattails in the bottom of the channel. Six measurements of n were
made during the two summers. At a stage of 2.4 ft., n was found to
be 0.143, the highest value obtained on any of the streams during the
investigation. At medium summer stages, n was about 0.115, and at
nearly bankful stage it was 0.099. The cattails in the channel were
washed out by the high water in September, 1926, and three observa-
tions made after this occurrence gave an average value of 0.072.
34. Watershed No. 6.-Figure 35c shows the condition of this slope
course in July, 1924, when the vegetation was in full foliage. The
view in Fig. 36a was taken on April 3, 1925, just before the channel
was cleared. Its condition on May 11, 1925, after clearing, is shown in
Fig. 36b, and its condition in July, 1927, is shown in Fig. 36c.
Four measurements made during January, February, and April,
1926, when there was practically no growth in the channel, gave values
of n between 0.032 and 0.030. By the fall of 1926, the side slopes
were covered with a dense growth of bushy willows, and the channel
was in as poor a condition as before it was cleared. The 13 observa-
tions for n made when the channel was in an uncleared condition gave
values of n ranging from 0.037 at the lowest stage to 0.090 at a bank-
ful stage. This is the only instance where there was a definite increase
in n with an increase in stage.
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a. Watershed No. 3, Upper Slope Course, July, 1924
b. Watershed No. 3, Upper Slope Course, April, 1925
c. Watershed No. 3, Lower Slope Course, April, 1925
FIG. 33. VIEWS OF SLOPE COURSES, SHOWING CONDITION OF CHANNEL
ILLINOIS ENGINEERING EXPERIMENT STATION
a. Watershed No. 4, July, 1924
b. Watershed No. 4, April, 1925
c. Watershed No. 5, July, 1924
FIG. 34. VIEWS OF SLOPE COURSES, SHOWING CONDITION OF CHANNEL
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a. Watershed No. 5, April, 1925
b, Watershed No. 5, July, 1927
c. Watershed No. 6, Downstream, July, 1924
FIG. 35. VIEWS OF SLOPE COURSES, SHOWING CONDITION OF CHANNEL
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a. Watershed No. 6, Downstream, April, 1925
b. Watershed No. 6, Upstream, May, 1925
c. Watershed No. 6, Upstream, July, 1927
FIG. 36. VIEWS OF SLOPE COURSES, SHOWING CONDITION OF CHANNEL
110
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35. Conclusions.-The following conclusions can be drawn from
the results obtained in the measurement for the roughness factor n.
(1) The minimum value of n which should be used in the design
of drainage ditches in Central Illinois is 0.040. This value obtains
at high stages during the summer months in the most carefully main-
tained channels, where the bottom of the channel is clear of vegeta-
tion and the side slopes are covered with grass or low weeds, but no
bushes. This low value of n should not be used unless the channel
is to be cleared annually of all weeds and bushes.
(2) A value of n of 0.050 should be used, if the channel is to be
cleared in alternate years only. Large weeds and bushy willows, three
to four feet high, on the side slopes will produce this value of n.
(3) In channels which are not cleared for a number of years, the
growth may become so abundant that values of n above 0.100 may be
found to exist.
(4) Trees 6 to 8 inches in diameter growing on the side slopes do
not impede the flow so much as do small bushy growths, provided the
lower overhanging limbs are cut off.
XII. FLOOD DISCHARGE
36. Flood Data.-The data for the ten flood periods, when one or
more of the streams rose above flood stage, are presented in Tables
8 and 9. In the latter, the data are grouped by storm periods and
under each period the watersheds are arranged in the order of size,
so that the effect of size of watershed upon the rate of discharge
might be more readily studied. The rainfalls occurring during the
two weeks preceding the flood crest are given, and also the approxi-
mate length of the storm which produced the flood peak. In Table 8
much the same data are given, but they are grouped by watersheds
in order that the relation between the flood discharge and the rainfall
which produced it might be studied to better advantage. The data
in Table 8 will be considered first.
37. Watershed No. 1.-The channel of this stream above the
gaging station was in good condition throughout the period of the
investigation, and consequently the relation between gage height and
discharge is quite regular for all the flood periods. Only once was the
capacity of this channel exceeded, which was on April 7-8, 1926,
when a peak discharge of 24.5 sec-ft. per sq. mi. occurred at a stage
of 8.90 ft. The stream was above the flood stage of 8.2 ft. for a period
of 20 hours. The value of n for the channel just above the gaging
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station was 0.032. At flood stage this channel will carry a discharge of
about 21.3 sec-ft. per sq. mi. Since the conditions which caused the
April, 1926, flood were rather unusual, and since the flooding on this
occasion was not serious, it is believed that the capacity provided by
this channel is sufficient for this watershed.
The rainfall data in Table 8 do not explain the high flood dis-
charge for the April, 1926, flood. The explanation lies in the fact
that during January, February, and March the monthly precipitations
were 1.75, 2.80, and 2.89 in., respectively, a large part of which was
in the form of snow. At midnight on April 6, the temperature had
risen to 50 deg. F. and the warm rain falling during the night melted
the accumulated snow and caused the flood on April 7.
Temperature also played an important part in the storm of Dec.
18-21, 1924. The temperature on December 16, 17, 18, and 19, during
which time 4.40 in. of rain fell, was only a few degrees above freezing.
On the morning of the 19th, the temperature fell rapidly and on the
20th a temperature of zero degrees was reached. Had not this cold
wave occurred, the flood run-off would have been much greater.
Another factor which affects flood discharge from a given watershed
is the moisture content of the soil. This factor predominated in the
summer floods of August, 1924, and July, 1927. In both instances
the ground was dry, as is normally the case in the summer, and the
rainfall of 3.35 in. in 18 hours on August 19-20 produced a flood dis-
charge of only 8.1 sec-ft.; and 2.30 in. in 6 hours on July 13-14, 1927,
caused a peak discharge of 10.9 sec-ft. The effect of intensity of pre-
cipitation is also illustrated in these two storms, as the smaller, more
intense rainfall caused the greater rate of discharge.
The storm of October 1-10, 1926, produced the second highest
flood discharge from this watershed, although it ranked first in magni-
tude over three of the other watersheds. The rainfall of October 1-2
was not the primary cause of this flood, for had it not been for the
10.96 in. of rain during September, only a moderately high stage
would have been reached. As proof of this statement, consider the flood
of October 1-2, 1927. The flood discharge was only 11.2 sec-ft. and
was caused by 5.80 in. of rain in the five days preceding.
From the foregoing discussion it is clear that large rainfall of itself
does not necessarily cause high floods, and that temperature, moisture
content of the soil, and the intensity of precipitation are factors of
prime importance.
38. Watershed No. 3.-Because of the fact that this channel had
not been cleared for some years, the higher discharges produced much
RUN-OFF INVESTIGATIONS IN CENTRAL ILLINOIS
higher stages than they would have if the channel had received proper
attention as to maintenance. The lowest value of n obtained for this
channel was 0.077 in April, 1926, at a stage of 8.30 ft., and the highest
value of n measured was 0.112 in October, 1926. If this channel were
cleared annually, it should carry a discharge of about 23.0 sec-ft. at
flood stage, and since this is greater than any discharge which oc-
curred from this watershed during the investigation, and, further-
more, since several rather unusual storms occurred during this period,
it is believed that this channel would be adequate for the watershed,
if it received proper attention.
The effect of total precipitation is more apparent on this water-
shed than it was on watershed No. 1. The greatest flood flow was
caused by the greatest precipitation, 4.90 in. on August 19-20, 1924.
Although the length of this storm was 18 hours, undoubtedly the major
portion fell in a much shorter period of time. This is the only water-
shed on which a summer storm caused the highest rate of discharge.
This can be accounted for not only by the magnitude and intensity of
the rainfall, but also by the steeper slopes on this watershed.
The October, 1927, flood ranks second highest, due not to the 1.60
in. on October 1, but to the 6.36 in. from September 27 to October 1.
It will be observed that most of the storms caused flood discharges
of about the same magnitude, and that the highest rate is not quite
twice the lowest. A study of Table 5 shows that the run-off from this
watershed was more nearly uniform throughout the period of investi-
gation than that from any of the others.
39. Watershed No. 4.-The data for this watershed present an ex-
cellent opportunity for comparing the effect of spring and summer
floods, since the greatest flood occurred in April and the next highest
in August. Both of these storms have been commented on. The in-
teresting feature is that a rainfall of 5.60 in. in 18 hours in August
did not produce as high a flood run-off as one of 2.65 in. in April,
combined with the run-off from melting snow.
It will be noted that the storms of September and October, 1926,
which caused the largest floods on some of the watersheds, did not
cause high discharges on this one, although the rainfalls were about
the same. No explanation is given for this inconsistency.
40. Watershed No. 5.-The carrying capacity of this channel was
exceeded only twice during the period of investigation and this was
during the unusual storms of September and October, 1926, when the
channel was in very poor condition, due to the growth both on the
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side slopes and in the channel itself. A measurement in September
gave a value of n of 0.099, and a later measurement in October, after
the cattails growing in the channel had been washed away, gave a
value of n of 0.060.
The maximum rate of discharge of 36.0 sec-ft. per sq. mi., which
occurred during the October, 1926, flood, was the second highest rate
observed for any of the watersheds during the entire period of the
investigation. The rainfall during September and October was very
unusual, and frequency studies made by the writer indicate that rain-
falls of this magnitude should not occur with a greater average fre-
quency than once in 50 to 75 years. Why these storms should have
caused such high rates of discharge, however, is not clear from the
data given. Possibly the actual rainfall over this watershed was
greater than that measured at the rainfall stations.
The two summer storms gave the lowest rate of discharge from
this watershed, because the rainfall was much less than that over
some of the other watersheds, and insufficient to counteract the low
moisture content of the soil.
The spring flood of April, 1926, gave the third highest rate of
discharge. Although the rainfall was somewhat less than it was over
the other watersheds, and there was not so much snow on the ground
at the time, it should have caused a higher rate. The great difference
in the rates of run-off for this and the two storms in the fall of 1926
can not be explained by the data.
41. Watershed No. 6.-This watershed ranks second as regards size
and is next to the flattest with respect to topography. The fact that
the stream overflowed its banks during eight of the ten flood periods
is a clear indication that the capacity of the channel is inadequate.
This is due primarily to the luxuriant growth of willows on the side
slopes. These willows grow so fast that even annual clearing would
not suffice to keep the channel in good condition. This channel was
cleared in the fall of 1925 and in April, 1926, a value of n of 0.032
was measured. By September of the same year, however, the growth
of willows had increased n to 0.090, showing that annual clearing will
not solve the problem.
The storms of April and October, 1926, which have been described
under the discussion of the other watersheds, caused the greatest floods
on this watershed. The rates of discharge are not high, however, due
to size or topography, or both. The ditch draining this watershed is
deep and provides a good slope for the ground water. The result is
that the watershed has greater soil-storage capacity than the other
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watersheds. This is indicated further by the greater dry weather flow.
The September, 1926, flood ranks fourth for this watershed, and is
little higher than those just below it in rate of discharge. This is evi-
dently the result of the topography and the soil storage.
The two summer storms, although yielding 3.50 and 3.85 in. of rain,
produced the lowest rates of discharge. Evidently rainfalls of these
amounts during the summer months will not produce a flood on such a
flat watershed.
42. Watershed No. 7.-This watershed is at the headwaters of the
Embarrass River and the area has not been artificially drained; hence
the channel is a natural one. The banks are quite low, and at the
gaging station they were only 4.0 ft. high; hence this stream overflowed
its banks during all of the ten storm periods.
This watershed gave the highest rates of discharge of any of the
watersheds studied. It has the steepest slopes of any, and undoubt-
edly topography is the controlling factor in the flood discharge.
The storms of September and October, 1926, would naturally be
expected to produce the highest rates of discharge. Also the summer
storms would be expected to rank high on account of the topography,
and it is logical that the July, 1927, flood discharge should rank third;
but it is not clear from the tabulated data why the August, 1924, storm
should have produced such a low rate of discharge. The explanation
probably is that in July, 1927, 2.70 in. fell in 5 hours, whereas in
August, 1924, the 4.00 in. fell rather uniformly through a period of 18
hours. This is probably the best illustration provided by the data as
to the effect of intensity of rainfall upon the rate of discharge.
XIII. EFFECT OF WATERSHED CHARACTERISTICS UPON
FLOOD DISCHARGE
The data in Table 9 are grouped by flood periods, so that the effect
of watershed characteristics upon the rate of flood discharge might be
studied to better advantage. For the same rainfall, at the same time
and with the same temperature and soil-moisture-content conditions,
any difference in discharges must be due to differences in watershed
characteristics. The watersheds studied vary considerably in size and
topography, but the other characteristics are quite similar. Hence the
differences in discharge shown in the table are due to differences in
these two characteristics.
43. Effect of Topography of Watershed.-Watershed No. 1 con-
tains 60.5 sq. mi. and watershed No. 6, 63.2 sq. mi. a difference of
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about 4 per cent. Also, watershed No. 3 drains 12.0 sq. mi. and water-
shed No. 5, 11.5 sq. mi., again a difference of about 4 per cent. Since
watersheds Nos. 1 and 6 are practically the same size, as are also
watersheds Nos. 3 and 5, any differences in rate of discharge from them
must be due to topography, shape, and arrangement of natural or arti-
ficial drainage system, provided the rainfall over both is the same in
total amount, distribution, and intensity. During six of the storm
periods the rainfalls over watersheds Nos. 1 and 6 were within 26 per
cent of each other as to total amount. As shown in Table 10, No. 1
gave the higher rate of run-off for each of the storms. The ratios
agree reasonably well with the exception of the first one, and if this
be omitted, the average of the remaining five is 1.3. This would indi-
cate that the difference between the topography and arrangement of
drainage system of these watersheds normally causes a difference of
about 30 per cent in the rate of flood discharge. Also, it would appear
that for summer rains of the thunder-storm type, where the intensity
may be quite high, the effect of topography is more marked.
A similar comparison of watersheds Nos. 3 and 5 is shown in Table
11. The ratios in this case are so irregular that no conclusion can be
drawn. The slopes of No. 3 are much steeper than those of No. 5, and
the rate of discharge should always be greater, but this is not the case.
Although the total rainfall over the two watersheds is more nearly uni-
form than in the case of the other two watersheds studied, there must
have been considerable differences in intensity to account for the
storms of September and October, 1926. There is nothing in the rain-
fall data, however, to warrant this explanation.
Another comparison which can be made is that of watersheds Nos.
3 and 4. The former is about 22 per cent smaller and has steeper
slopes than the latter; hence the run-off from it should be somewhat
larger. The data in Table 12 show that during five of the seven storms
compared this is the case, but the differences are very irregular.
44. Effect of Size of Watershed.-Since size of watershed is
generally considered to be the principal factor governing the rate of
run-off per unit area, it would be expected that the effect of size would
be quite apparent in the data in Table 9, especially in the case of
watersheds Nos. 5 and 6 which are contiguous and which have the
same watershed characteristics, except that of size. This is not the
case, however, as can be seen from the comparison given in Table 13
of the four storms in which the precipitation over the two watersheds
was much the same.
A similar comparison of other watersheds does not lead to satis-
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TABLE 10
COMPARISON OF RATES OF DISCHARGE FROM WATERSHEDS NOS. 1 AND 6
Watershed Watershed
Date of No. 1 No. 6 Ratio Remarks
Storm sec-ft. sec-ft. 1 to 6
Aug. 20-21, 1924 ....... 8.1 2.3 3.5 Rainfall over No. 1 4 per cent smaller
Dec. 18-21, 1924....... 14.3 8.8 1.6 Rainfall over No. 1 14 per cent larger
Mar. 19-20, 1925 ...... 7.7 7.3 1.1 Rainfall over No. 1 4 per cent smaller
Sept. 9-14, 1926 ........ 8.2 7.8 1.1 Rainfall over No. 1 26 per cent laiger
Oct. 1-10, 1926 ........ 16.1 11.4 1.4 Rainfall over No. 1 22 per cent smaller
Apr. 18-20, 1927....... 9.4 7.3 1.3 Rainfall over No. 1 22 per cent smaller
TABLE 11
COMPARISON OF RATES OF DISCHARGE FROM WATERSHEDS NOS. 3 AND 5
Watershed WatershedDate of No. 3 No. 5 Ratio Remarks
Storm sec-ft. sec-ft. 3 to 5
Dec. 18-21, 1924....... 15.2 5.4 2.8 Rainfall over No. 3 7 per cent larger
Mar. 19-20, 1925 ...... 9.6 8.2 1.2 Rainfall over No. 3 10 per cent smaller
Apr. 7-8, 1926......... 13.7 12.9 1.1 Rainfall over No. 3 12 per cent smaller
Sept. 9-14, 1926. ...... 9.9 32.8 0.3 Rainfall over No. 3 9 per cent smaller
Oct. 1-10, 1926 ........ 14.2 36.0 0.4 Rainfall over No. 3 6 per cent smaller
Apr. 1-2, 1927 ......... 11.5 9.3 1.1 Rainfall over No. 3 20 per cent smaller
TABLE 12
COMPARISON OF RATES OF DISCHARGE FROM WATERSHEDS Nos. 3 AND 4
Date of
Storm
Aug. 20-21, 1924.......
Dec. 18-21, 1924.......
Mar. 19-20, 1925 . . ....
Sept. 9-14, 1926 ......
Oct. 1-10, 1926........
Apr. 1-2, 1927..... . . ..
Apr. 18-20, 1927.......
Watershed
No. 3
see-ft.
18.2
15.2
9.6
9.9
14.2
11.5
10.0
Watershed
No. 4
sec-ft.
Remarks
3 had 12 per cent less rainfall
3 had 12 per cent less rainfall
3 had 10 per cent more rainfall
3 had 10 per cent more rainfall
3 had ll'per cent more rainfall
3 had 18 per cent less rainfall
3 had 33 per cent more rainfall
TABLE 13
COMPARISON OF RATES OF DISCHARGE FROM WATERSHEDS NOS. 5 AND 6
Watershed Watershed
No. 5 No. 6
Date of (11.5 (63.2 Ratio Remarks
Storm sq. mi.) sq. mi.) 5 to 6
sec-ft. sec-ft.
Dec. 18-21, 1924....... 5.4 8.8 0.6 No. 5 had 1 per cent less rainfall
Mar. 19-20, 1925...... 8.2 7.3 1.1 No. 5 had 7 per cent more rainfall
Oct. 1-10, 1926 ........ 36.0 11.4 3.2 No. 5 had 4 per cent more rainfall
Apr. 18-20, 1927....... 8.8 7.3 1.2 No. 5 had 28 per cent less rainfall
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factory results. In fact size of watershed does not seem to be as im-
portant a factor as topography. On the whole, the results of this phase
of the investigation are rather disappointing. It is believed that the
results would have been more consistent, if the rainfall stations had
been closer. This is especially true for the summer storms and for
those of September and October, 1926. During the last-mentioned
storms, the total rainfall over central Illinois was very high, but at the
same time it was not at all uniform, and it is highly probable that the
precipitation over the southern watersheds, Nos. 5, 6, and 7, was
greater than that observed at the rainfall stations.
45. Conclusions.-Most formulas which have been proposed for the
C
estimation of the rate of flood discharge are of the form, q =-WM , in
which q is the discharge in cubic feet per second per square mile of
drainage area, C a coefficient representing the effect of all the various
watershed characteristics with the exception of size, M the area of the
watershed, and x an exponent whose value is generally taken as be-
tween 0.2 and 0.3. The fact that the size of watershed is given such
prominence in these formulas has led many to believe that size is the
principal and controlling characteristic. This is not necessarily true
for small watersheds. Topography, geology, temperature, and mois-
ture content of soil are in many instances the controlling factors in
determining the rate of flood discharge.
Size of watershed has been given prominence in flood formulas,
because it is the only watershed characteristic for which there is a
definite unit of measurement. Watershed areas can be measured and
definitely expressed in terms which all can understand; but there is no
such yardstick to measure topography, geology, vegetation, and other
characteristics. The effect of all these characteristics is expressed in
the coefficient C. For the engineer, who has no background of flood-
flow experience to draw upon, it is a rather dangerous proceeding to
choose a value of C for a particular watershed. It should be clearly
understood, therefore, that all flood-flow formulas are to be used with
considerable caution.
The data upon rates of flood discharge obtained during this investi-
gation do not warrant the derivation of a flood-flow formula, nor can
any definite conclusions be drawn as to the effect of watershed charac-
teristics. The following general statements are presented, however, as
the result of this study:
(1) Size of watershed does not seem to be as important for small
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watersheds as it has generally been considered. Certainly, size is not
the controlling characteristic.
(2) Topography has a marked effect upon rates of flood run-off,
even from watersheds which are so flat as to require artificial drainage
for successful agriculture.
(3) Completeness of drainage is an important characteristic. The
more adequate the drainage facilities, the greater the rate of flood dis-
charge during excessive storm periods, especially those occurring dur-
ing the winter and spring.
(4) Drainage ditches in Central Illinois should be designed to
carry maximum discharges of from 15 to 30 sec-ft. per sq. mi. of
watershed area, depending upon the topography, completeness of
drainage, and the degree of protection desired. It is believed that the
higher value will not be exceeded on the average more often than once
in 25 years.
XIV.-ANNUAL RUN-OFF OR YIELD OF WATERSHED
46. Data.-Monthly and annual rainfall and run-off data for three
years are shown in Table 14. It will be observed that the calendar
year is not used, but instead a 12-month "water year," beginning Sep-
tember 1, since in the fall both ground and surface storage are reduced
to a minimum. October 1 would normally be a better time to start the
water year in this latitude, and that was the reason for discontinuing
the rainfall and run-off measurements on October 1, 1927; but, because
of the exceptionally heavy precipitation during September, 1926 and
the storm of September 27-October 1, 1927, it was thought best to
start the year on September 1. The rain on August 31, 1924, is in-
cluded in the September precipitation, as its effect upon the run-off
would occur in the latter month.
47. Rainfall--Run-Off Relation.-Under normal climatic condi-
tions, a three-year record of run-off would be of little value in predict-
ing run-off conditions over a longer period of time. Fortunately, the
three years of this investigation were rather unusual ones, one being
an average year, one a rather dry year, and the third a very wet one;
hence the annual data in Table 14 cover a much wider range of rain-
fall and run-off conditions than would be covered by data for a much
longer period of more normal years. The annual values of rainfall
and run-off in Table 14 are plotted in Fig. 37.
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FIG. 37. CURVES SHOWING AVERAGE RAINFALL-RUN-OFF RELATION
48. Effect of Watershed Characteristics.-Although watershed No.
4 received more rainfall than the other watersheds, the run-off from it
at all times was much lower than that of the others. This is due to the
fact that the channel draining this watershed was dredged for a dis-
tance of only about one mile below the gaging station and that the
outlet was entirely inadequate. The result was that even during
periods of no flow, the depth of the water in the channel at the gaging
station was from 2.4 to 3.0 ft., depending upon the season, and hence
the ground water level was high, with resulting large losses from evap-
oration and transpiration. This explains why the run-off from water-
shed No. 4 was less than that from the other watersheds.
Watershed No. 7 is the only one of those studied which is not pro-
vided with artificial drainage. To offset this lack, however, the slopes
of this watershed are steeper than those of the others. The effect of
these conditions is evident in Fig. 37. For the dry year, the run-off
from this watershed was less than from the others, with the exception
of watershed No. 4; whereas in the wet year, the steeper slopes more
than offset the lack of artificial drainage, and the run-off was much
greater than that from the other watersheds.
Figure 37 shows very clearly that watershed characteristics have a
very decided effect upon the rainfall-run-off relation; and that in esti-
mating the annual yield of a given watershed for an assumed annual
rainfall, the characteristics of the watershed must be taken into con-
sideration, even from watersheds which are so flat as to require arti-
ficial drainage for successful agriculture.
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TABLE 15
ANNUAL RAINFALL FREQUENCY AT URBANA, ILLINOIS
Rainfall
Average Frequency
Minimum Maximum
Once in 1 year ...... ..................................... 33.7 33.7Once in 5 years........................................... 29.0 40.2Once in 10 years .......................................... 27.2 44.4Once in 20 years .......................................... 26.2 48.2Once in 50 years .......................................... 24.7 53.2Once in 100 years......................................... 24.0 57.0
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It is to be remembered that the lower ends of the curves represent
rainfall and run-off data for the same year. During other dry years,
having the same annual rainfall, the seasonal distribution might vary
considerably, and with a variation in distribution the resulting run-off
would probably be different. Hence, all that can be claimed for the
curves in Fig. 37 is that they show the rainfall-run-off relation for the
six watersheds during the period from September 1, 1924, to August
31, 1927.
49. Frequency.-The engineer is interested not only in the amount
of watershed yield, but also in the frequency of occurrence of yields of
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a given magnitude, especially low yields. The period of the investiga-
tion was entirely too short to provide direct information on this point.
There is information, however, on the frequency of rainfalls of given
magnitude, and this may prove of some value in estimating yields of
watersheds. The annual rainfalls at Urbana from 1889 to 1927, inclu-
sive, were plotted in order of magnitude on probability paper, and a
duration curve drawn through the points, as shown in Fig. 38. The
frequency data in Table 15 are scaled from this curve.
XV.-SUMMARY
50. Conclusions as to Value of Kutter's n.-
(1) The minimum value of n which should be used in the design
of drainage ditches in Central Illinois is 0.040. This value obtains at
high stages during the summer months in the best-maintained chan-
nels, where the bottom of the channel is clear of vegetation and the
side slopes are covered with grass or low weeds, but no bushes. This
low value of n should not be used unless the channel is to be cleared
annually of all weeds and bushes.
(2) A value of n of 0.050 should be used, if the channel is to be
cleared in alternate years only. Large weeds and bushy willows, three
to four feet high, on the side slopes will produce this value of n.
(3) In channels which are not cleared for a number of years, the
growth may become so abundant that values of n above 0.100 may
exist.
(4) Trees 6 to 8 inches in diameter growing on the side slopes do
not impede the flow so much as do small bushy growths, provided the
lower, overhanging limbs are cut off.
51. Conclusions as to Rates of Flood Discharge.-
(1) The size of watershed does not seem to be as important for
small watersheds as it has generally been considered. Certainly, size is
not the controlling characteristic.
(2) Topography has a marked effect upon rates of flood run-off,
even from watersheds which are so flat as to require artificial drainage
for successful agriculture.
(3) Completeness of drainage is an important characteristic. The
more adequate the drainage facilities, the greater the rate of flood dis-
charge during excessive storm periods, especially those occurring dur-
ing the winter and spring.
(4) Drainage ditches in Central Illinois should be designed to
carry maximum discharges of from 15 to 30 sec-ft. per sq. mi. of
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watershed area, depending upon the topography, completeness of
drainage, and the degree of protection desired. It is believed that the
higher value will not be exceeded on the average more often than once
in 25 years.
52. Conclusions as to Annual Yields from Small Watersheds.-The
duration of the investigation was much too short to draw any but the
most general conclusions from the data obtained upon watershed
yields. However, the fact that one of the three-year periods was a
rather dry one, one a very wet one, and the third an average year tends
to offset somewhat the shortness of the record. It would appear that,
from watersheds similar to those studied, the annual yield during the
normal year should be from 9 to 11 inches; that, on an average of once
in ten years, a yield as low as 7 inches may be expected; and that, on
an average of once in 20 years, an annual yield as low as 6 inches may
occur.
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Bulletin No. 219. Treatment of Water for Ice Manufacture, by Dana Burks, Jr.
1930. Sixty cents.
*Bulletin No. 220. Tests of a Mikado-Type Locomotive Equipped with Nichol-
son Thermic Syphons, by Edward C. Schmidt, Everett G. Young, and Herman J.
Schrader. 1930. Fifty-five cents.
*Bulletin No. 221. An Investigation of Core Oils, by Carl H. Casberg and Carl E.
Schubert. 1931. Fifteen cents.
*Bulletin No. 222. Flow of Liquids in Pipes of Circular and Annular Cross-
Sections, by Alonzo P. Kratz, Horace J. Macintire, and Richard E. Gould. 1931.
Fifteen cents.
*Bulletin No. 223. Investigation of Various Factors Affecting the Heating of
Rooms with Direct Steam Radiators, by Arthur C. Willard, Alonzo P. Kratz, Maurice
K. Fahnestock, and Seichi Konzo. 1930. Fifty-five cents.
*Bulletin No. 224. The Effect of Smelter Atmospheres on the Quality of Enamels
for Sheet Steel, by Andrew I. Andrews and Emanuel A. Hertzell. 1931. Ten cents.
*Bulletin No. 225. The Microstructure of Some Porcelain Glazes, by Clyde L.
Thompson. 1931. Fifteen cents.
Bulletin No. 226. Laboratory Tests of Reinforced Concrete Arches with Decks,
by Wilbur M. Wilson. 1931. Fifty cents.
*Bulletin No. 227. The Effect of Smelter Atmospheres on the Quality of Dry
Process Enamels for Cast Iron, by A. I. Andrews and H. W. Alexander. 1931.
Ten cents.
*Circular No. 21. Tests of Welds, by Wilbur M. Wilson. 1931. Twenty cents.
Bulletin No. 228. The Corrosion of Power Plant Equipment by Flue Gases, by
Henry Fraser Johnstone. 1931. Sixty-five cents.
*Bulletin No. 229. The Effect of Thermal Shock on Clay Bodies, by William R.
Morgan. 1931. Twenty cents.
*Bulletin No. 2380. Humidification for Residences, by Alonzo P. Kratz. 1931.
Twenty cents.
*Bulletin No. 231. Accidents from Hand and Mechanical Loading in Some Illinois
Coal Mines, by Alfred C. Callen and Cloyde M. Smith. Twenty-five cents.
Bulletin No. 232. Run-Off Investigations in Central Illinois, by George W.
Pickels. 1931. Seventy cents.
*A limited number of copies of bulletins starred are available for free distribution.
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The University includes the following departments:
The Graduate School
The College of Liberal Arts and Sciences (Curricula: General with majors,
in the Humanities and the Sciences; Chemistry and Chemical Engi-
neering; Pre-legal, Pre-medical, and Pre-dental; Pre-journalism, Home
Economics, Economic Entomology, and Applied Optics)
The College of Commerce and Business Administration (Curricula: Gen-
eral Business, Banking and Finance, Insurance, Accountancy, General
Railway Administration, Railway Transportation, Industrial Adminis-
tration, Foreign Commerce, Commercial Teachers, Trade and CivicSecretarial Service, Public Utilities, Commerce and Law)
The College of Engineering (Curricula: Ceramics; Ceramic, Civil, Electri-
cal, Gas, General, Mechanical, Mining, and Railway Engineering; En-gineering Physics)
The College of Agriculture (Curricula: General Akriculture; Floriculture;
Home Economics; Smith-Hughes-in conjunction with the College ofEducation)
The College of Education (Curricula: Two year, prescribing junior stand-ing for admission- General Education, Smith-Hughes Agriculture,Smith-Hughes Home Economics, Public School Music; Four year, ad-
mitting from the high school-Industrial Education, Athletic Coaching,
Physical Education. The University High School is the practice school
of the College of Education)
The College of Law (three-year curriculum based on a college degree, or
three years of college work at the University of Illinois)
The College of Fine'and Applied Arts (Curricula: Music, Architecture, Ar-
chitectural Engineering, Landscape Architecture, and Art and Design)
The Library School (two-year curriculum for college graduates)
The School of Journalism (two-year curriculum based on two years of
college work)
The College of Medicine (in Chicago)
The College of Dentistry (in Chicago)
The School of Pharmacy (in Chicago)
The Summer Session (eight weeks)
Experiment Stations and Scientific Bureaus: U. S. Agricultural Experiment
Station; Engineering Experiment Station; State Natural History Sur-
vey; State Water Survey; State Geological Survey; Bureau of Educa-
tional Research; Bureau of Business Research.
The Library Collections contain (July 1, 1930) 798,183 volumes and 214,000pamphlets (in Urbana) and 43,212 volumes and 7,800 pamphlets (in
Chicago)
For catalogs and information address
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